United States Environmental Common Sense Initiative EPA-901-R-98-003
Protection Agency, Region 1 Computer and Electronic Sector April 1999

Analysis of Five Community
Consumer/Residential Collections

End-Of-Life Electronic and
Electrical Equipment




ANALYS SOF FIVE COMMUNITY CONSUMER/ RESIDENTIAL COLLECTIONSOF
END-OF-LIFE ELECTRONIC AND ELECTRICAL EQUIPMENT



ACKNOWLEDGMENTS

Analysis of Five Consumer/Community Residential Collections of End-of-life Electronic and
Electrical Equipment was prepared for the U.S. Environmenta Protection Agency (EPA) by
Ecobdance, Inc., Bethesda, MD. Ecobdance is an internationa environmental consulting firm that
specidizesin Life Cycle Management.

This report was drafted by Ecobaance, Inc. and written by Brian Glazebrook with the assstance
of Remi Coulon.

This project was managed by Chrigine Beling, U.S. Environmental Protection Agency Region |
(EPA — New England) and directed by a workgroup formed under EPA’s Common Sense
Initiative which included: Thomas Bartel, Unisys Corporation; Tony Hainault, Minnesota Office of
Environmental Assstance; Patricia Dillon, Tufts University — The Gordon Indtitute; David Isaecs,
Electronic Industries Alliance; Rick Reibstein, Massachusetts OTA; John Alter, U.S. EPA; Mike
Winka, New Jersey Department of Environmental Protection; Gregory Cobbs, Rutgers University.

This report was peer reviewed by severd members of the workgroup as well as Mark Mahoney,
EPA — New England; Cheryl Lofrano-Zaske, Hennepin County Department of Public Works; Joe
Carpenter, New Jersey Department of Environmental Protection; Frank Peluso, New Jersey
Department of Environmenta Protection.

Please note that while the above individuals contributed to and reviewed the report, they do not
necessarily endorse dl of itsandysis or conclusons.



CONTENTS

Executive Summary 1
I ntroduction 6
21 Project Background / the Common Sense [NItIatiVe..........c.eooeeeiiieeiiiee e 6
22 o] o S o e o= PSP OPPR 6
Summary of Collection Programs 7
31 Binghamton, New Y ork/Somerville, MassaChUSELTS ..........coocvveeeeiiiiiee e 8
3.2 S AN 0= S OF [0 = TR 13
3.3 Hennepin County, MINNESOLAL ........coiiueie ittt 17
34 UNION CoUNtY, NEW JEISEY ......uvriiiieiee ettt e e e e e e e e e s st rae e e e e e e s e e santraeeeeaeeas 22
35 Naperville and Wheaton, HIINOIS...........eeiiiiiiiiiciiiiee e 27
3.6 Summary Data for the PIlot PrOJECES.........cuiiiiiieiiiieiieeeeeee e 31
Economic Analysis of Pilot Projects 37
4.1 NEL ECONMOMICS.......teiiee ittt ettt e e e e et e e e ettt e e s etne e e e s nnsneeeeenneees 37
4.2 (000 N 07 )V 1T TP PPROURRTOPPIN 38
4.2.1 Demanufacturing Versus Disposa 38
4.2.2 CRT Recycling 40
4.3 REVENUE ANAIYSIS. ...ceeieiiiiiie ettt e et e e e e tb e e e e nnr e e e e e nnnees 41
4.3.1 Resde 41
4.3.2 Offsetting Costs 42
4.4 EqQUIPMENt COlIECION........eeiiiiiiie e e e e 43
4.4.1 Collection Efficiency 44
4.4.2 Equipment Collected per Resident 46
Beyond the Example Collection Programs a7
51 Identifying the Different Stakeholders..........ovviiiiiii i 47
52 AL D= 7= U1 o LU = R 48
5.2.1 Role 48
522 Demanufacturing Costs 49
5.2.3 Revenue 49
53 The COlECHION AGENCY ...eeieiiiiiee ettt e et e e s e e et ee e e s annreeeeennnneee s
531 Role

55
56
5.3.2 Costs — Influence of Collection Method 58
533 Minimizing Costs 63
534 Revenue 64
535 Avoided Costs 64
5.3.6 The Collection Agency and Demanufacturing 66
5.3.7 Retalers 67



10

54 The PartiCiPant..........ccoueiiiiieiieie e
55 Other StAKENOITETS. ...ttt e e e e e
551 Government

552 Private Industry

Conclusions
6.1 Data Gaps and Future Research...........cccccveeeeviiciiiieeece e,
6.2 CONCIUSIONS..... ..ot e e e e e e e e e eeaaaaas

Appendix A: US EPA CRT Recommendation
Appendix B: The San Francisco Area Collection Program

Appendix C: Calculating Net Cost

86

Appendix D: Bibliography

87



Table 1: Available Cost and REVENUE DELA ..........coovieiiiiiiieiie et 1
Table 2: Collection Program SUMMENY Tabl.........cocuiiiiiiiiiiii e 2
Table 3: Summary of Advantages and Barriersto Collection MOES............ccueeiiieiiiiiiiiiieieeeeeee e 4
Table 4: Collection Models Used by Collection PrograimL...........ocueeeeoiieeee i 7
Table 5: Binghamtor/Somerville DemOographiCS..........vvveeiiiiiie et e e e e e e enaeeas 8
Table 6: Promotional Expenses for Binghamton and Somerville PIlOtS...........cc.oovieiiiiiiiieeeceee 9
Table 7: Participation Rates for Binghamton and Somerville PIHOES ............oeiiiiiiiiiiiiceceeee 9
Table 8: Items Collected During Binghamton and Somerville PIOES...........oooiiiiieiiiiiiiee e 10
Table 9: Pounds of Equipment Collected During Binghamton and Somerville Events...........ccccoccvveeeneee. 10
Table 10: Binghamton and Somerville Transportation COSES. .........eeiivieirieeiniiee e 10
Table 11: Binghamton and Somerville Demanfacturing COSES.........coovriariiiiiiee e 11
Table 12: Binghamton and SOmerville GroSS REVENUES...........coooiiiiiee i 11
Table 13: Binghamtorn/SOmerville NEL COSES.........cccoiiiiieeiiiiee et e e e 12
Table 14: Palets Collected DUring San JOSE PIHOL.........couiiiiiiiiiiie e 14
Table 15: Items Collected During San JOSE PO ..........couiiiiiiiiie e 14
Table 16: Digribution of Commodities by Weight and VaUe............oooviiiiiiiiiiie e 15
Table 17: Items Collected During Hennepin County Program............coocvveeeiiiieeeeciiiee e cieee s 18
Table 18: HennNepin CouNty NEE COSL........cciueieiiiieiiie ettt be e s e e e e sneeas 20
Table 19: Union County DEMOGraPNICS. ........ueeiieieiiieeetie sttt e b e e e e anneeeeneeas 22
Table 20: Items Collected During Union CoUNty PHOL...........uevriiiiiiiee e 24
Table 21: Union County Transportation DistanceS and COSES..........ceeeiiiuiieeeiiiiieeeeciiiee e 24
Table 22: Demanufacturing Charges per [tem CollECted...........ooueiiiiiiiiiieee e 25
Table 23: Union County NEE COSE.......coueieiiiieiiee ettt e b e e sbe e e ene e e snneeeenneas 26
Table 24: Naperville/Wheaton DemographliCS. .........oouueeiiiiiiee e 27
Table 25: Items Collected During Naperville/Wheaton PilOtS............cooviiieieiiiiieeccee e 28
Table 26: Naperville/Wheaton NEt COSE........ooiiiiiiiiiieiiie e 30
Table 27: Available Cost and REVENUE DELA.............cuueieeiiiiee e e e e 31
Table 28: Binghamton/Somerville and San Jose Summary Cost Data.........ccoovvveeeeiiiieeeiiiiieee s 32
Table 29: Union County SUMMENY COSt DAA .........ccciuiiieeiiiiiee et 3
Table 30: Union County SUmMmMary Cost Daa (COML.)........ueeiuererrieaiiieeriieeesiieeeieeesieee e A
Table 31: Hennepin County SUMMENY COSE D@A........cciviieiieieiiie e 35
Table 32: Naperville/Wheaton SUMMary COSE Daa.......ccevvveeieiiiiiiee e 36
Table 33: Resale Revenue Per POuNd COIECLEA ............eiiiiiiiiieeee s 41
Table 34: Items Targeted by ColleCtion Program...........c.cooiieriiieeeniie e 43
Table 35: Potential Revenue for Extracted MalerialS..........ocvevveiiiiiiee i 52
Table 36: Circuit Board Metal COMENT...........coiiieiiiiiieiiie e 52
Table 37: Motivation Behind Collection Programs. Summary Table ..........ceeeiiiiieeiiiiiee e 56
Table 38: Summary of Advantages and Barriersto Collection Models...........ccvvveeiiiiie e 62
Table 39: Changes in Metal Concentration for Union County INCinerator ASh...........ccceeevveeiieeeriieeennne. 65



Table 40: Provisions Applicable To Crt Glass-To-Glass Regulated Entities...........ccccvveeiiiiieeeciiieee e, 78

Table 41: San Francisco/Hayward/Oakland DemographiCs............cooueiaieriiiee e 82
Table 42: Collection Program PartiCipation RELES.............ooiuiiieiiiiiiee e 83
Table 43: Items Collected During Oakland Collection POt ..........c.veeeeiiiiiiec e 83
FIGURES
Figure 1: Location Map for Collection Programs. ...........ooueeeriieiiiie et 7
Figure 2: Economic Interaction Between StakeNOldErS.........c..uviiiiiiiiiieiiiee e 37
Figure 3: Disposal vs. Recycling Cost Comparison: One-day Drop-off Collection Events..............ccee..... 39
Figure 4: Disposa vs. Recycling Cost Comparison: Other Collection Models .........ccooivveeeiiiiiee i, 39
Figure 5: Items Containing CRTs as a Percentage of Total Equipment Collected.............ccccoevieeninennne. 40
Figure 6: Reaching the Break-Even Point for Collection MOJEIS ............coovieiiieiiiiieiieeee e 43
Figure 7: Percentage-by-Type of Number of [tems Collected............oooviiiiiiiiiiiiiiiee e a4
Figure 8: Collection Efficiency of Collection MOUEIS............ccouiiiiiiiiiie e 45
Figure 9: Pounds of End-of-life Electronic and Electrical Waste Collected Per Resident......................... 46
Figure 10: Economic Interaction Between StakeholdersS............oooiviiiiiiiiiiee et 47
Figure 11: Cost and Revenue Streams for the DemanufaCturer.............ooovveeeeiiieiee i 48
Figure 12: Cost and Revenue Streams for the Collection AQENCY........ccooiuiiieeiiiieiee e 56

Figure 13: Cost and Revenue Streams for the PartiCipant .............cccocvveieeiieiecneesec e 68









page 1

1. EXECUTIVE SUMMARY

The god of this study was to produce a written report that aggregates and andyzes existing data from
five Electronic Product Recovery and Recycling (EPR2) programsin order to:
Identify a common format for data collection for materials and cot;
Evauate and aggregate existing collection and demanufacturing materials and cost data sets;
Identify common opportunities and barriers for different collection and transportation models,
Define the advantages and disadvantages of different collection and transportation modes;
Identify commodities that are most viable economicdly (podtive revenue) for collection and
demanufacturing;
Identify successful motivators and strategies for marketing collection events;
Identify key issues and motivators for various groups that have or may participate in dectronic
equipment collection including consumers, loca government officids, amdl businesses, recyclers,
demanufacturers, shippers, etc.;
Identify data gaps and infrastructure needs to increase residentid participation; and
Andyze what motivates the public to participate in collection events

The collection programs that were studied consisted of two Common Sense Initiative (CSl) sponsored

programs (San Jose, CA and Somerville, MA/Binghamton, NY), as well as programs in Union County,

NJ; Hennepin County, MN; and Naperville/Wheston, IL. These collection programs represented a
range of different collection models — from one-day collection events to permanent collection depots —
and subsequently arange of costs and revenues.

The cogts and revenues for each of these collection programs were gathered in order to calculate the net
cods. The following table indicates the avalable data. Since only two of the programs included the
upfront promotiond costs, which were quite high, these costs were not included in the calculation. On
the revenue end, dl of the programs had some revenue from scrap, but only Somerville, Union County,
and San Jose received revenue from the resde of equipment.

Table 1: Available Cost and Revenue Data

Collection Publicity Operating Transport | Demanufacturing Disposal
Agency

Binghamton/ X X X
Somerville
Naperville/ X X X
Wheaton
Union County X X X X X
Hennepin X X X X
County
San Jose X X X

The cogs and volumes associated with these programs are outlined in the following table. The table
shows that the cost per pound of materia collected varies from less than $0.10 per pound to $0.50 per
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pound. The range of values reflects not only the different collection and management models, but aso the
different sets of data that were available for each program.

Table 2: Collection Program Summary Table

Program Period Net Cost* Pounds Collected | Cost Per Pound
Somerville Fal 1996 $3,299 7,448 $0.44
Spring 1997 $1,001 13,723 $0.08
Binghamton Fdl 1996 $444 2,372 $0.19
Spring 1997 $1,863 9,031 $0.21
San Jose Oct. 1997 $4,373 61,600 $0.29
Union Co. $5,858 42 886 $0.14
Cranford $13 120 $0.10
Westfield $234 2,240 $0.10
Clark $2,003 10,640 $0.19
Kenilworth Oct. 96 to Mar. 98 $1,075 6,680 $0.16
Linden $15,155 87,060 $0.17
New $767 5,180 $0.15
Providence
Rahway $3,843 26,560 $0.33
Summit $11,957 51,500 $0.23
Hennepin Co. Average
1995-1997 $278,000 552,000 $0.50
Naperville Fal 1996 $8,000 24,267 $0.33
Fdl 1997 $8,000 60,000 $0.13
Wheaton Spring 1998 $8,000 22414 $0.36

* See Appendix C for an explanation of how this value was cal cul ated.

While these differences in net costs among programs would seem to imply that some programs were
more successful than others, the differences in how the data was collected and provided for each
programs makes such a cursory assessment impossible. However, while making a comparison between
these programs is not possible based on a comparison of the net codts, it was gtill possble to use this
cost data to make some limited assessment of the economics and dynamics of these collection programs.

>

The net codts of the programs were driven by the demanufacturing cogts; the operationd costs for
many of the case studies were either not accounted for or very smdl. However, snce a number of
these collection programs were pilots, this may not be the case for programs operating over longer
periods.

In terms of pounds of material collected per resident, the curbside collection programs gppeared to
be more efficient than the other collection models, while the one-day collection events appeared to
the least efficient. More and better collection datais necessary to confirm this.

In contrast to the previous point, the number of items collected per dollar of collection program cost
was higher for the curbside events than the other collection models. This was evidently due to the
high transportation costs associated with collection. For the one-day collection events, the cost per
item collected was lower than the other collection models. However, the one-day collection events
that were studied did not incur any operating costs, which would likdy narrow the differences
between the two collection models.
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>

A weighted average of al of the collection programs indicates that over 75% of the equipment that
was collected fel into five categories: 36% of the items were televisons, 16% conssted of audio and
stereo equipment, 11% were monitors, 8% were computers and CPUs, and 6% were VCRs. The
remaining equipment consisted of keyboards (5%), printers (4%), telephones (3%), peripherads
(1%), microwaves (1%), and miscellaneous other equipment (9%).

The resdentid EEE waste collected by these programs was generdly outdated and in poor
condition. Consequently, the materid was expensve to manage and little valuable scrap was
extracted from this equipment. Of the equipment that was collected, computers and CPUs provided
most of material that generated revenue for the programs.

Items that contained CRTs (eg., televisons and monitors) predominated in the five collection
programs. Since the cost to manage these materias is quite high, the large number of CRTs had a
substantia impact on the net cost values.

Promotion and planning of the events were essentid to the effectiveness of the collection programs.
This was made evident by the lack of turnout for the first week of the San Jose pilot, for which there
was little prior publicity. Additiondly, the first Binghamton collection event was affected by a
number of factors, including aloca footbal game that was being held at the sametime.

The public is interested in EPR2 programs. This is evident from the fact that the amount of
equipment that was collected increased over time for al the programs that had more than one
collection. In addition, the CSl-sponsored events (Somerville, Binghamton-One day drop off model
and San Jose-retail collection modd) will be continuing due to the positive public reception in their
communities.

In addition to the specific conclusons from the andyss of these collection models, some generd
comments may be drawn on the basis of the assembled information provided by these case sudies.
Since these generd comments are based on quditative information, additiond data and research into
these areas would be beneficid.

>

Most demanufacturers focus exclusvely on commercid EEE waste.  According to the Hennepin
County program coordinators, the low qudity of the reddentid equipment keeps many
demanufacturers from getting involved in a resdentia collection program. A collection program for
both resdentid and smdl business waste may generate more interest from demanufacturers Smply
because the qudity of EEE waste may be better.

Totd transportation, demanufacturing, and disposa costs may overwhelm al other program costs.
These codts relate to the variety of materia collected, loca labor market, the distance required to
trangport materids to a demanufacturing facility, the distance to end markets and the disposa costs
of unmarketable materids.

The loading of heavy metalsin the municipa solid waste stream was a fundamenta driver for the two
collection programs (Union County and Hennepin County) where most of the resdentid solid waste
dream isincinerated. Both counties believe that remova of EEE waste from the waste stream may
play an important role in reducing the heavy metal burdensin the fly and bottom ash, which can result
in an indirect economic benefit for the community by lowering ash disposa fees.
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» The ultimate digpogition of demanufactured materids should be evauated to determine if these
venues (eg., glass to glass recycling, smeting, overseas disposition for CRTS) meet the objectives of
the program.

» The advantages and barriers to  different collection models are such that determining the best
collection method depends on the motivations of the collection agency. The following table
summarizes these factors for the different collection modds. The definition of each modd is
provided in Section 5.3.2.4 of the report.

Table 3: Summary of Advantages and Barriersto Collection Models

Collection Barriers Advantages
Model
Drop-off Events Ineffective or insufficient publicity can | - Low up-front costs
P result in low participation - Short time-frame but high collection
Conflicts with other events may affect amount
participation
Resident’s unfamiliarity with drop-off
events can affect participation
. Potential unequal distribution of costs | - Economies of scale over single
Regional . .
Approach among communities community drop-off event model
PP Planning of the eventsis shared
Larger base of residents to
participate
Not effective for every community size | - Year-round collection of equipment
Permanent - . . .
. Need for staff may increase operational | - Convenient for most residents
Collection . :
costs - Economies of scale are possible
Depot
. Potential of theft of equipment for | - Easy for residents used to curbside
Curbside .
Collection parts, and then abandonment collection
Operational costs can be higher than | - Residents without transportation
other models can more easily participate
. Retailer's active participation is |- Low up-front and operational costs
Point of . .
Purchase essential for the collection agency
(Retail) Retailer may not be able to collect the | - Promotion of the program by
. data on participation retailers ensures high visibility
Collection L
Logistical issues
. The economies of scale are uncertain. - The gaps created by one model can
Combined/ . . . .
. Requires large population to be viable befilled by another model
Coordinated :
Collection Y ear-round collection
Methods Good if inhabitants are spread over a
large area

» The experiences from other recycling programs indicate that these EEE residentia waste collection
programs are in ther infancy and have the potentid to evolve and eventualy become more cost
effective. Asthese programs expand and markets for the recovered materias grow, the net cost per
pound collected can be expected to decrease.  The potential economies of scale from the expansion
of these programs and the creation of demanufacturing businesses will aso help to reduce codts.
However, based on the qudity and varied nature of the collected materids, it seems likely that the
cods of these programs will remain relatively high compared to other traditional solid waste disposal
methods.
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Ovedl, these case studies provided insght into the costs associated with the operation of an EEE waste
collection program. Additiona research into the effects of economies of scale and the development of
secondary markets would be ussful to get a better understanding of how the economics of these
programs will change over time,
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2. INTRODUCTION

2.1 PROJECT BACKGROUND / THE COMMON SENSE INITIATIVE

The Common Sense Initiative (CS)) is an innovative gpproach to environmenta protection and pollution
prevention developed by the U.S. EPA. The Common Sense Initiative addresses environmental
management by indudtria sector rather than environmental media (air, water, land). EPA sdected six
indudtries to serve as CSl pilots: automobile manufacturing, computers and eectronics, iron and sted,
metd finishing, petroleum refining, and printing. Six sector subcommittess, each congdting of
representetives from indudtry, environmenta justice organizetions, labor organizations, environmental
organizations, the U.S. EPA, and state and local governments address environmenta issues facing these
industries.

The Common Sense Initiative (CSl) Computers and Electronics Sector has been discussing, researching,
and evauating pilots focusing on consumer and community Electronic Product Recovery and Recycling
(EPR2) collections of End-of-Life Electronics and Electricad (EEE) waste from the municipa solid waste
sream. To date, CSl has supported severd efforts to collect and analyze data on EEE waste recovery
and processing, including the Somerville/Binghamton pilot and the San Jose pilot.! The collection pilots
test various collection models: residentid collection; ongoing drop-off at retail establishments, one-day
drop-off programs versus curbside collection; and smal business programs. The three collection pilots
were independently sponsored and implemented, with CSl providing support for data collection and
andyss. CS was dso ingdrumentd in the Electronic Product Recovery and Recycling (EPR2)
roundtable, which works on end-of-life issues for eectronics.

2.2 PROJECT SCOPE

The god of the project was to produce a written report that aggregates and analyzes existing data from
the CSl-sponsored pilots as well as from other EEE waste collection programs in Union County,
Hennepin County, and Naperville/lWheaton into a summary report. No new collection data was
generated for thisreport, which:

Identifies a common format for deta collection for materials and cost;

Evauates and aggregates exigting collection and demanufacturing materias, and cost data sets;
Identifies common opportunities and barriers across different collection and transportation moddls;
Defines the advantages and disadvantages of different collection and transportation models;
Identifies commodities that are most viable economicdly (postive revenue) for collection and
demanufacturing;

I dentifies successful motivators and sirategies for marketing collection events,

Identifies key issues and motivators for various groups that have or may participate in dectronic
equipment collection including consumers, local government officials, smal businesses, recyclers,
demanufacturers, shippers, €tc.;

Identifies data gaps and infrastructure needs to increase resdentia participation; and

Anayzes what motivates the public to participate in collection events.

1 A collection pilot in the San Francisco area was also sponsored by CSI, and summary information is provided in
Section 8.
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3. SUMMARY OF COLLECTION PROGRAMS

The collection programs included in this report represent different geographic locations, collection

methods, and data sets (see the map and table below).

Since some of the programs were pilots, much

of the data regarding operational and other costs were not available. Therefore, the differences in the
amount of data available for each program make direct comparisons between the programs difficult.
The following summaries include discussions of the design of the collection program, the participation
rate, estimated cost and revenue, and any important comments relative to the program’ s operation.

Table 4: Collection Models Used by Collection Program

Collection Agency Drop-off Event Permanent Curbside Point-of -
Depot Purchase
(Retail)
Binghamton/ Somerville
Naperville/ Wheaton
Union County
Cranford
Westfield
Clark
Kenilworth
Linden
Rahway
Westfield
Summit
Hennepin County
San Jose
ngnn:pinEnt (_W(v\
£ 7
Naparvilled ' Binghamtn Som:/'i’I‘Te/
Wheaton® D2
Union Count¥®&="
T s
J
San Jose

dl“ :

Figure 1: Location Map for Collection Programs
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31 BINGHAMTON, NEW YORK/SOMERVILLE, M ASSACHUSETTS
Collection M ethod:

One-day drop-off events
Number of Collections: Two eventsin each city
Fall 1996, Spring 1997

Envirocydle, Inc.

Collection Dates:

Demanufacturer:

Motivation Behind Collection:

Under the Common Sense Initiative, the U.S. EPA sponsored a pilot resdentia EEE waste recycling
and demanufacturing program in Binghamton, NY and Somerville, MA. The gods of the project were
to:

=  Characterize the types and volumes of EEE wagte in the municipa solid waste stream;
=  Assssstheviability of collecting, demanufacturing, and recyding these materids, and
= Gauge the consumers willingness to offset the cost of such a program?

Binghamton was initidly chosen to participate in the project because of its exigting relationship with the
demanufacturer (Envirocycle, Inc.) and its proximity to their demanufacturing plant in Halstead, PA.
Somerville was included as the second community for the pilot study because of its demographic
amilarity to Binghamton, and its exigting recycling program and its household hazardous waste (HHW)
drop-off program.

Demographics:

Although Binghamton has higtoricaly been a blue-collar community, its population of white-collar
workersis growing. It isthe largest community in Broome County, which is located near the northesst
corner of Pennsylvania. Somerville has a mixture of blue- and white-collar workers, dthough the white-
collar population has been risng due to a shrinking manufacturing sector. It is located just outsde of
Bogton. The following demographics are available for the two communitiess

Table 5: Binghamtor/Somerville Demographics

Municipality Population Households Median Income
Binghamton 53,000 25,000 $29,169
Somerville 72,280 30,000 $44,866

Event Promotion:

The participation rate for recycling programs in the two communities is about 48% in Binghamton and 15%
in Someille, which reflects the general public’'s awareness and interest in recycling. A number of

2 Unless noted, all information was gathered from Residential Collection of Household End-of-Life Electrical and
Electronic Equipment: Pilot Collection Project, Common Sense Initiative — Computer and Electronics Sector, U.S.
Environmental Protection Agency, Region I, EPA-901-R-98-002, February 1998.

3 Census of Population and Housing, 1990. Bureau of the Census, Washington: The Bureau, 1992.

4 partici pation rates for HHW collection programs generally range from one to three percent, and can be as high as 10
percent. Household Hazardous Waste Mangement: A Manual for One-Day Community Collection Programs. Office
of Solid Waste and Emergency Response, U.S. Environmental Protection Agency. EPA-530-R-92-026. Washington.
August 1993.
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methods were used to promote the specific EEE waste collection event. An informational flyer was sent to
every household in both cities and also was made available to residents in retail stores and public buildings.
The flyer outlined the collection program, listed the items that would be accepted by the municipality, and
gave directions to the collection site. In addition, members of the local chambers of commerce who had an
interest in electronic and electrical appliances (i.e., repair shops, electronics retailers) were contacted and
notified of the program. The events also were promoted on the community calendar listings on loca radio
and TV dations, and in press releases. Findly, a press conference, attended by local government officials,
was organized in both cities to promote the events. These promotional events required expenditures for the
printing of the direct mailing, the labels for the mailing, and the postage. The costs of each of these
expenses are listed below.

Table 6: Promotiona Expenses for Binghamton and Somerville Filots

Municipality Direct Mail Printing Costs Labels Postage (both
Costs locations)
Binghamton $1,380 $4,387 $1,242 0,707
Somerville $1,439 $4,359 $384 ’

Resident Participation:

Both communities saw an increase in participation during the second event: about a 30% incresse for
Somerville and a 170% increase for Binghamton in the number of cars that dropped off equipment. The
following table indicates the number of households that participated in the events, and the percentage of
total households that this number represents (participation rate). These numbers do not reflect the
participation of the residents of Broome County, who were adso alowed to participate in the Binghamton
events.

Table 7: Participation Rates for Binghamton and Somerville Pilots

No. of Households | Participation Rate
Municipality 1996 1997 1996 1997 Net I ncrease
Binghamton 47 128 0.2% 0.5% 172%
Somerville 193 250 0.6% 0.8% 30%

Conddering the rather high participation rate for generd recycling programs in Binghamton, the
participation numbers for their first event is interesting.  This modest turnout is believed to be due to
circumgtances that were beyond the control of the organizers, notably the poor westher (snow),
condruction outside the drop-off facility, and the high school football championship being held that day.
The attendance may have aso been affected by the implementation of a user fee. All of these deterrents
were not in evidence during the second collection event. Since only 10 of the 128 cars that dropped off
equipment in the second event had participated in the first event, it is reasonable to assume that these
elements did have some impact on participation.

Collection:

The pilot was modeled after atypica one-day collection event for household hazardous waste held on a
Saturday morning/afternoon. Both communities have experience in managing a recycling program and a
HHW drop-off program.
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The collection took place a existing municipd facilities—in Somerville a the public works facility, and in
Binghamton at the Broome County Trandgt Garage, S0 there was no property cost associated with the
collection. Additiondly, the volunteer workers minimized any labor costs associated with collection.

No limitations were gpplied to the types of EEE waste that would be accepted. One of the gods of the
program was to determine the types of equipment that could be collected during a municipa collection
program, and the demanufacturer agreed to accept anything that came in.  This equipment conssted of
the following.

Table 8: Items Collected During Binghamton and Somerville Pilots

Computers | Monitors | Keyboards Printers| TVs | VCRs | Microwaves | Stereos
Binghamton
Fall 1996 7 8 7 2 23 4 3 30
Spring 1997 19 33 26 9 52 23 12 111
Somerville
Fall 1996 21 17 18 12 94 27 12 134
Spring 1997 72 52 44 40 61 46 12 96

In addition, the collection events aso took in a number of telephones, household dectrica appliances,
and ar conditioners. The following table shows the total weight of equipment that was collected for each
collection event.

Table 9: Pounds of Equipment Collected During Binghamton and Somerville Events

Fall 1996 | Spring 1997

Binghamton | 2,372 lbs 9,031 Ibs
Somerville 7,448 |bs 13,729 Ibs

During the collection events, participants were surveyed to determine their willingness to pay for the
ability to drop-off EEE waste. They were given arange of vaues to choose from: $1 to $5; $5 to $10;
and over $10. A mgority of the respondents (>80% in both communities) indicated they would pay
between a $1 and $5 fee for the drop-off program. In fact, during the first Binghamton event, a $2 user
fee was charged of those people dropping off equipment. The fee was abandoned during the second
event, in part because the city believed that it contributed to the low turnout in the first event.

Trangportation:

All transportation costs associated with a drop-off event are those for trangporting EEE wagte to the
demanufacturer. Due to the distance between Somerville and the Envirocycle facility (312 miles),
trangportation costs for the Somerville pilot were more than 6 times those for the Binghamton pilot.

Table 10: Binghamton and Somerville Transportation Costs

Transport Costs
Municipality per 53’ Truckload

Binghamton $96
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Somerville $646

Demanufacturing:

Envirocycle, a large firm with experience in EEE waste recyding, was the contractor for the
demanufacturing. They provided in-kind services for the pilot project, including free transport to and
from the collection gte, and free demanufacturing of the maerid. Even though the municipdities were
not charged for the demanufacturing, Envirocycle provided data on their tota codsts to asss with the
anaysis of the project. These codts are based on a labor rate of $26.50 per hour, which include al of
their overhead and wages:

Table 11: Binghamton and Somerville Demanfacturing Costs

Fall 1996 Spring 1997
Total Total
Municipality Hours Cost Hours Cost
Binghamton 315 $835 111 $2,942
Somerville 118.3 | $3,135 85 $2,253

Revenue:

The resde of eectronics and dectrica gppliances occurred only during the second Somerville collection
event, where Envirocycle collected about $962 from the sale of working equipment. All the rest of the
equipment was disassembled and the vauable materia sold for scrap, except for the wood which was
landfilled. The revenue from scrap per event can be broken down as shown.

Table 12: Binghamton and Somerville Gross Revenues

Municipality Fall 1996 Spring 1997
Binghamton $487 $1,175
Somerville $481 $845

Envirocycl€' s tota yield from the sde of scrgp from the four events came to $2,889 most of which
derived from the sde of meta, plastic and CRTs. The materids that were extracted for revenue include

the following.

- Metal 26% - Radiators 4% . Fans 1%
. Scrap Plagtic 13% - Motors 4% . Yokes 1%
. CRTs 12% - Wire 3% - DiscDrives 1%
. Carcass 12% . Copper 2% - Refine Boards 1%
. Clean Pladtic 8% - Aluminum 1% . Capacitors <1%

The percentages represent the weight percentage of materia extracted for the total of al four collection
events. Data on which materids contributed most to the net revenueis not avalable.

Net Cost:
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The cods for the four collection events are derived from the cogts of promotion and the demanufacturing
costs. The net codts, taking into consideration the revenue, are as shown.

Table 13: Binghamton/Somerville Net Costs

Municipality Fall 1996 Spring 1997
Binghamton $444 $1,863
Somerville $3,299 $1,091

For Binghamton, these costs trandate to $0.19/pound collected for the first event and $0.21/pound
collected for the second event. For Somerville, the costs equate to $0.44/pound collected for the first
event and $0.08/pound collected for the second event. These vaues do not include the promotiond
cogts, which would substantially increase the cost per pound collected.

Project Comments:

The participating municipalities congdered both collection programs to be successful because the
participation rates increased from one collection event to the next while the cost per pound collected
decreased. The positive public attitude toward these collections has motivated both communities to
continue the collection programs. Somerville had an additiona collection event in the spring of 1998 and
Binghamton is planning another event for 1999.

A number of conclusions came from these two pilot events:

The demanufacturing rate (Ibs of equipment dismantled per hour) increased between the first and
second collection events. According to Envirocycle, this was largely due to increased efficiency
on the pat of thar gdaff members For the Somerville collection pilot, the incressed
demanufacturing rate was dso influenced by a growth in the amount of computer equipment that
was collected, since computer equipment is generaly easier to dismantle than some of the older
EEE waste that was collected.

The timing of the event is key to guaranteeing adequate participation. The low turnout & the first
Binghamton event was due in part to adverse weether conditions and a loca high school football
game that was going on & the sametime.

The transport distance to the demanufacturer had a noticegble impact on the net costs of the
program, thus indicating that the presence of alocal demanufacturer can be important.

The implementation of a user fee during the firs Binghamton event may have affected the public
turnout; however, other mitigating factors make it difficult to confirm this assumption. In fact
when surveyed, resdents of both Binghamton and Somerville indicated their willingness to
subsidize the collection program with aminimal user fee.
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3.2 SAN JOSE, CALIFORNIA

Collection Method: Point of Purchase (Retail) Drop-
off

Number of Collections: Three participating retallers

Collection Dates: The period from October 1 to

November 2, 1997

Demanufacturer: Berman’s Diversfied Industries

Motivation Behind Collection:

A Common Sense Initiative sponsored data collection for a computer-equipment collection program
conducted in San Jose, CA, in October of 1997. The goas of this pilot project were to:

= Determine the feasbility of a point of purchase (consumer retail store) collection scheme for EOL
computer equipment;

= |dentify potentid barriers, regulatory and other, which might inhibit a collection/recycling program
of this nature; and

= Determine the economics of collecting consumer equipment viathis approactp.

Demographics:

San Jose is located in Santa Clara County, about 56 miles south of San Francisco. The population of
Santa Clara County is over 1.6 million (1995); San Jose covers 174 square miles, with an estimated
(1994) population of over 873,000 residents. San Jose is described as the capitd of Slicon Vadley,
meaking it a good focus community for the pilot sudy. The community is amix of white-collar and blue-
collar residents; the median household income is approximately $50,000.

Event Promotion:

Extensve publicity was planned for the pilot program, induding: countywide mailing of a missng
children/computer collection "marriage card"; billboard messages, public service announcements; press
releases; and dectronic equipment retail store flyers, posters and advertissments. Much of this publicity
never took place because of timing and scheduling conflicts. The only publicity that actudly occurred
before the event was a bulletin published on the U. S. Environmenta Recycling Hotline (1800 Cleanup)
website, which was just coming on-line a the time. This lack of advance publicity appeared to have a
sgnificant impact on the program since no equipment was collected during the first week of the pilot.

To remedy this lack of participation, EPA held a press event on October 9to promote the collection
program; televison and newspaper coverage of the event helped increase the pilot’s vighility. This event
was followed by didtribution of flyers promoting the drop-off program with the San Jose City employees
paychecks. An email notice was dso digtributed to Santa Clara County employees.

5 All information was gathered from San Jose Computer Collection and Recycling Pilot: Draft, Common Sense
Initiative — Computer and Electronics Sector, US Environmental Protection Agency, Region | X, February 1998, pp. 1.
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The participating stores dso ran some publicity for the event. One of the Stores ran a newspaper

advertisement for the event; the other two stores publicized the pilot via ads stuffed in cusomers bags.

Resident Participation:

Residents and small businesses dropped off equipment at the three participating stores, however, no data
was collected on the participation of the two consumer groups. A one-page questionnaire was
developed for the collection program to determine the demographics of the participants. However, no
datistical data on participation is available since not dl of the participating stores decided to use the
questionnaire and not al of the participants chose to fill it out.

Resident participation seemed to be affected by the aggressiveness of the participating sores. Only one
store actively promoted the pilot program, making the drop off of equipment easy for consumers. This
store a0 collected most of the equipment during the pilot program.

Collection:

The program congsted of a 5-week drop-off program that was organized with the participation of three
local dectronic and computer retailers distributed throughout the city. The stores were charged with
collecting the equipment, surveying the resdents to determine a participation rate, and stockpiling the
equipment until the demanufacturer came to collect it each week

The retailers themselves covered the operationd costs. These costs included the labor for collecting the
equipment from resdents’ cars, the congtruction of displays, and any storage space dlocated to the EEE
waste. No information on each individud store's cost for the program is avalable. No fees were
charged by the stores to the municipaity or of the participants to cover their cods.

The items collected were limited to computer-related EEE waste — e.g., monitors, keyboards, printers,
and computers. The number of items collected was talied in terms of the number of pallets collected per
store. Each pallet congsted of an estimated 64 cubic feet of equipment, leading to atota of 4,220 cubic
feet of equipment collected during the pilot. The following table shows the number of palets that were
collected per store, per week.

Table 14: Pdlets Collected During San Jose Pilot

Week 2 Week 3 Week 4 Week 5
Sorel 4 2 2 4
Sore?2 1 1 1 3
Sore3 13 10 11 14
Totals 18 13 14 21

Table 15: Items Collected During San Jose Pilot

In al, 61,600 lbs of equipment was collected over the five-week program. The equipment collected
conggted of the following items.

Computers

Monitors

Keyboards

Printers

Peripherals

Laptops

Misc. Parts
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Total All
Sores 972 937 341 413 66 27 63

More detail on the number of items collected per store isnot available.

Trangportation:

The transportation distance to the manufacturer depended on the location of the store. Stores 1 and 2
were about 15 miles from the demanufacturer, whereas Store 3 was only 10 milesaway. The equipment
was picked up from the stores once a week over the five-week period, athough Store 3 required two
additiona pickups per week. A total of 20 trips were made over the duration of the project.

The totad cost of transport for the pilot collection project amounted to $480. Transportation was
cdculated to include the costs of standard loading and unloading time. The large loads and smdl
entryways for the participating stores were determined to require excessive labor, the cost of which was
estimated to have the potentid to increase tota transportation costs by up to 60%.

Demanufacturing:

Berman’'s Diversified Indugtries, a San Jose-based recovery/resae/recycle service provider, conducted
the demanufacturing. The firm dismantled dl of the computer equipment that had no resde value. Overdl
cogts for sorting and dismantling was given as $7,500.

Monitors predominated in terms of the weight of materid collected - 30,000 Ibs or 49% of the total
weight collected. Berman's did not itsdlf demanufacture the monitors, but rather shipped them overseas
for demanufacturing. The monitors were exported at a net cost of $0.05 per pound, which yielded a
totad cost of gpproximatdy $1,500 for the 30,000 Ibs of monitors. This gave a totd demanufacturing
cost for the pilot program of around $9,000.

It is interesting to note that the cost of demanufacturing CRTSs oversess is estimated to be only 1/10™ of
the equivalent costs in the San Jose area. Had the CRTs been demanufactured in the area, the cost
would have increased tenfold, to around $15,000. This would have led to a total cost of $23,000 for
the demanufacturing component of the program. It should be noted that the numbers for
demanufacturing CRTs around San Jose are based on Berman's estimates of loca costs, and are not
necessarily equivalent to demanufacturing costs e sewhere in the United States.

Revenue:

Resdle of working equipment accounted for 40% of the total revenue, most of which came from the sde
of black and white monitors. These black and white monitors represented only 10% of al the monitors
that were collected. No working computers were successtully sold because of the age of the equipment.

The remainder of the revenue came from the extracted scrap.  The breakdown of materia recovered
from the collected equipment is as follows, shown as percent composition by weight and by revenue
yield for the entire collection period.

Printed circuit boards and high-grade breakage (hard drives, motors and mixed meta parts) comprised
the mgjority of the revenue from scrap, which was supplemented by the sadle of mixed
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Table 16: Digribution of Commodities by Weight and Vaue

Commodity Weight Revenue
CRTs 49% -
Sedl 20% -
Scrap Plastic 13% -
High Grade “ Breakage” 10% 48%
Mixed Metals 3% 6%
Plastic 3% -
Circuit Boards 3% 42%
Wire 1% 4%

metals and wire. Asde from CRTs, mogt of the materid recovered from the disassembled equipment
was sted and pladtic; this material produced no revenue sinceit had little market value. The total revenue
for the five-week pilot totaled $5,120.

Net Cost:

The net cost of the five-week pilot project was $4,373. Thisis equivaent to a cost of $0.07 per pound
of materid collected. The management of the CRTs had a large impact on the net cost of the program.
As explained previoudy, the shipment of the CRTs oversess resulted in codts that were substantialy
lower than they would have been had the demanufacturing occurred in the San Jose area. In a scenario
where the monitors are recycled locdly, the net cost would be more than four times greater- $17,990.
Thisis equivaent to a cost of $0.29 per pound of materid collected. Note that the retailers costs were
not included but were donated as in-kind services.

Project Comments:

The extensve publicity that resulted from the EPA press conference appears to have affected
participation since the collection went from zero palets of equipment the first week to 18 palets the
second week. Despite the perception of some of the participants that the stores were profiting from the
collection program, the program coordinators indicated that the overdl attitude of the participants
seemed to be pogtive. This perceived positive attitude has motivated one of the participating chains to
continue the program at a number of its other stores.

During the pilot program, some barriers to EOL computer equipment collection were identified:

The dow dart in promotion of the event led the consultant assessing the project to conclude that
"marketing efforts should be established at least sx months in advance and should be monitored
regularly before and throughout the collection event.” This conclusion is based on the fact that the
program relied on volunteer groups to promote the program, many of whom in the end did not
provide the promised service.

In Cdifornia, specid approvals and permits must be granted before CRT glass can be handled or
shipped. Specid permits are dso required for CRT glass recyclers, which has the effect of limiting
the number of firms that recover this materia. The end result is a high cost for demanufacturing of
CRTs. Conddering that dmost half of the equipment (by weight) consisted of computer monitors,
these monitors were shipped overseas to avoid excess costs.

Contrary to the results from the Binghamtor/Somerville pilot, a survey designed for this program
indicated that most participants (over 60%) would not pay afeeto drop off eectronics.
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3.3 HENNEPIN COUNTY, M INNESOTA

Collection Method: Permanent Drop-off
One-day Drop-off Events
Mobile Collection Events
Curbside Collection

Retail Collectiorf
Number of Collections: Pamanent fadlities and
drop-off events (ongoing)
Collection Dates: 1997
Demanufacturer: Hennepin County

Motivation Behind Collection:

Hennepin County, MN, began recycling EEE wadgte in 1992, with the god of diminating the meta
content, specificaly mercury, lead, and cadmium, from the county’s municipd solid waste (MSW)
sream. Mogt of this waste is managed as waste-to-energy or refuse-derived fud. The county uses both
front-end removad of materids and back-end facility control equipment to manage heavy metds in
MSW.

The resdents had an accepting attitude toward environmenta programs before the EEE waste recovery
program began since Hennepin County was aready managing a number of other smilar programs, eg.,
collection and recycling of used tires and HHW.’

Demographics:

Hennepin County, which condsts of some 45 communities, is located in the eastern portion of
Minnesota. The median household income for the entire county is $35,659. The county (population:
over 1 million) includes metropolitan Minnegpolis, conssts of around 439,000 households. One-third of
the county’ s popul ation resides in Minnegpolis®

Event Promotion:

Since Hennepin County manages a number of different recycling programs, publicity for EEE waste
collection is covered by newspaper advertisements and flyers that are produced for the collection of al
"problem materias’ (i.e, HHW, tires, batteries, and EEE waste).? Some advertissments highlight the
EEE waste collection component of the program. Brochures and radio advertisements are used as well.

6 A regional retail collection pilot that focused on the collection of CRTs was held in the summer of 1998. Data on this
collection was not available at the time of publication.

7 The budget for the EOL electronics collection program in Hennepin County is 1/10" of the budget for the HHW
collection program.

8 Census of Population and Housing

9 Unless noted, all information was gathered from personal communication with Cheryl Lofrano-Zaske, Principal
Planning Analyst/Problem Materials Program, Hennepin County Environmental Management Division, April 13, 1998.
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The county sponsors most of the publicity, dthough the cities may advertise to their resdents as well.
There is dso word-of-mouth publicity for the program.

Resident Participation:

The equipment is collected with other HHW and problem materials and is not recorded separately.  For
this reason, no data is avallable as to resdent participation in the EEE waste collection program. The
county estimates that participation in the HHW program may be around 15%.

Collection:

The county operates two drop-off Stes. one at Brooklyn Park in the north and the other in Bloomington
in the south.  While resdents are invited to drop-off materiads year-round a the permanent facilities,
collection events are dso held throughout the county. EEE waste is dso collected through city cleanup
days, and facility and curbsde collection in the city of Minnegpalis (initisted in November 1997).
Participation in the collection program is limited to households and residents.

Hennepin County has permanent facilities that accept HHW, recyclables, brush, auto waste, white
goods, and EEE waste. Fees are charged for the white goods ($10 to $30) and tires ($1), but not for
EEE wagste. One dte dso takes in MSW from county resdents for a fee. The cost of dl facility
operations that can be alocated to the collection of EEE waste has not been determined.

For mobile events, the county covers dl of the setup, organizational, and transportation costs. For city
events, the county covers the labor to collect and transport the equipment.

In its promotion of the EEE waste collection program, the County indicates what types of materias will
be accepted. The program targets materias with CRTSs, but dso is used to manage the inflow of
camcorders, stereos, radios, computers, tape players, VCRs, and telephones. Rechargesble and
cordless gppliances that contain batteries are aso accepted and disassembled by PPL (the county's
contractor), and then digposed of viathe battery recycling program.

The bulk of the materia collected in 1997 came from the permanent facility (62%), with about 26% from
the city/county collection events, and 12% from the curbsde collection in Minnegpolis.  Since the
curbside program has been going on for only a few months, and participation has been higher than
expected, it is expected that the curbsde collection percentage will increase in the coming yesar.

The following table lists the number of items and tons collected for the years 1995 to 1997. The county
collects a wide range of equipment; the miscellaneous/other category encompasses equipment such as
answering machines, typewriters, and dust busters. The county estimates that approximately 800 tons of
meateriad will be collected in 1998.

Table 17: Items Collected During Hennepin County Program

Computer [ Monitors | Keyboards| Printers TVs VCRs | Audio/ | Telephone| Copiers| Misc. Tons
/ CPUs Stereo Other
1997 1,331 1734 899 54 7,376 1184 2,813 514 4 1,686 366
1996| 661 1,156 517 261 5115 617 1,898 357 43 1,249 262
1995 67 673 254 189 4,428 407 1,932 340 81 1,388 200

Trangportation:
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Hennepin County generdly covers the transfer of the collected equipment to the demanufacturer. The
county pays PPL to staff and trangport the equipment from mogt city events.

Demanufacturing:

The county contracts with a loca train-to-work not-for-profit organization (PPL) to provide labor and
gpace for the disassembly of the collected materid. The county is responsible for management of the
disassembled components from the demanufacturing process. PPL's fee accounts for the bulk of the
county’ s demanufacturing costs for the program.

The main mativation behind the initiation of the EEE collection program was the dimination of heavy
metals from the waste stream, which led to the choice of target materids — CRTs, CPUs, PWBSs,
batteries, mercury relays, and PCBs. Plagtics and wood are managed by the county’s Solid Waste
Management System. All of the extracted scrap metals are recycled.

The demanufacturing processiis labor intensve and the yield can be affected by the lower productivity of
workers who are new to the program. Yield can aso be affected by the qudity of the materid that is
taken in ance mogt is old and of little vaue (old TVs, dectronics). Virtualy dl circuit boards collected
are low-grade. Furthermore, there are cods associated with management and disposa of the
heterogeneous materiads stream.

The county has estimated that the cost of demanufacturing approaches about $20 per item collected.
That includes any overhead, transportation, labor, and hazardous'non-hazardous materid disposa
associated with collection and disassembly. This cogt is paid directly from the county’s solid waste
management fees.

Revenue:

No revenue is received from resde of working electronics and eectrica equipment — any materid thet is
in working condition is offered to resdents free of charge at the collection facilities. In 1997, roug